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Field of the invention 

The present invention relates to dyes and aqueous inl< compositions compris- 
ing ttiese dyes for ink jet printing processes. 

Inic jet printing systems generally ore of two types: cortfinuous stream and 
drop-on-demand. In corttinuous stream ink jet systems, ink is emitted in a con- 
tinuous stream under pressure ttvough an orifice or noaje. The stream is per- 
turbed, causing it to break up into droplets at a fixed distance from the ori- 
fice. At tt^ break up point, the droplets are charged In accordance with 
cfigltol data signals and passed through on electrostatic field wt^ch adjusts 
the trajectory of each droplet in order to direct it to o waste ink coBecting 
vessel (e.g. for recirculatton) or a specific tocotion on a recording medium. In 
drop<jn-demand systems, a droplet is expelled from an orifice to a positton 
on o recording medium in accordance with digital dota signals. A droplet is 
not formed or expelled unless it is to be pksced on the recording mecfium. 
The most Important part of on ink used h Ink jet printing are the dyes. Al- 
though a number of dyes have been proposed non has been produced 
wWch meets oU the requirements of a modem printing process. 

Background of the invention 

Reactive dyes with mcorporoted 1 .3.5-triaane structural elements ore com- 
mon in textfle printir>g and hove also been proposed for ink jet printing. Such 
dyes ore for several reasons in general not too well suited for this application. 
The reactive groups ore not very stable over protor^ged iDeriods In aqueous 
solutions. Dyes contoir^ng such reactive groups ore moreover, due to tt^eir 
potential health risk, less suitable for handling in a non industrial environment. 
Non reactive dyes of ttiis kind have been described in USP 4*77n29 
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(K. Hideo) and USP 4777248 (D. Greenwood). In particular dyes of the follow- 
ing structural formulas hove been described: 




W(CH2)5CH3 



f«(CH2)5CH3 



USP477ri29(dve5) 




USP 4777248 (dye 1) 
CD 



In some of ttiese dyes porticuic^ enhanced water-sotubBity has been 
claimed to be due to the introduction of elements of the following structure 
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(3) 



and in some cases water solubility seems stiB to be improved by introduction 
of elements of the structure 

-<CaH2oO)m(CbH2bO)n- 

(USP 4'777748) Into tt>e triorine part of the dye. 

These dyes are however stO Inodequate when used In aqueous inks of mod- 
em ink jet printers. In particular printers of the continuous-stream type are 
highly demanding as far as physical properties of tt>e inks are corcemed. 
Partteukarty critical are storage stablity of the Inks without forming degrado- 
tton products prone to clog the nozzles of the printer. Printers are today able 
to print frnages of hOgh density rapidly.Therefore Wghly concentrated inks are 
needed In order to avoid the jetting of high water volumes onto the receiving 
layer. These tiigh cor^entrotions shouW Weally, for environmental reasons, be 
acttieved wittyxit the use of orgarfc cosoiverTts. Such Inks can only be pre- 
pared with dyes txaving a partteukarty high water sdublfity. 
Dyes of ihe above mentioned structures wt*:h are the state of the art , are in 
general not sduUe enough to satisfy the required derr^andlr^g condmons. It is 
the aim of this Invention to provkte dyes with the required high water soKjbi- 
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Description of the invention 

This invention relates to azo dyes of the formula (4) 



MOjS 




(4) 

wherein: 

R] is selected from hydroQen or on oiphatic radical havir>o f^"^ 1 to 6 
Cotoms: 

n is 2. 3 or 4; 

X is NR3R4 where 

R3 and R4 are independently selected from hydrogen, akyl from 1 
to 6 C atoms, C2 to C6 substituted allcyl wtwe tt>e substttuents are 
selected from OH, OCH3, COOM, SO3M; araflcyl; unsubsHtuted oryl 
or an aryl substituted by COOM or SO3M; 

R3 and R4 may form a ring wittxsut or with Inclusion of a hetero 
atom; 



or 



X is SR5 in wNch R5 is olkyl from 1 to 6 C atoms. C2 to C6 substituted 

allcyl where ttie substttuents ore selected from OH. OCH3. COOM. 
SO3M; 



or 
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X is OR6 in which is hydrogen or on aliphatic radicai having from 1 

to 6 C atoms; 

R7 is hydrogen, ail<vi of Ito 6 C atoms, C2 to C6 sutwtituted olkyt wtiere 
the substtfuents ore selected from CN. COOM, OH, COOCH3, 
COOCH2CH3. COCH3; unsubstituted aryl or aryl substituted by CH3, 
haiogen: 

M is hydrogen, a metal atom, an ammonium or ammonium substi- 

tuted with oikyl. alkoxyaJkyI and hydroxyalkyi each having 1 to 12 C 
atoms. 



The ozo dyes of the present inverrtlon comprise no reactive groKjps. They are 
of particular use in inks used for ink-jet printvig because of ttieir high water 
sotubaity. 

Dye Synthesis 

One mettTod of preparir>g dyes of tlie present invention is by 

(D Reacting the known (USP 37872 1 5) monoazo compour>d of formula (5) 

MQjS 




NH2 MOaS 
(5) 
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with cyanuric chloride under conditions such that one chlorine atom of 
the triazine is displaced by it\e monoozo compound of formula (5) then 
OD reacting the mono-substituted dichloro-triozine with a compound of 
formula (6) 

HN(CH2:j^S03M 
(6) 

under conditions such that a second atom of chlorine is displaced by 

trie compound of formula (6) and 
(OD reacting finally Ihe cS-sut>stttuted trtozine with a compound XH under 

conditions tt>ottfie ttiird chtorir>e atom is dspkaced by X. 
Where X is a compound of formula (6). the sec<^ orxj WM chlorine atoms 
of the triazine nucleus may be replaced stmultaneousiy . 
The present invention H illustrated by Ihe following example. 

Preparation of Ihe compound No. 100 (No-salt) 
step 1 

48.3 g (D.I moO moroozo compound (5) was added to water (600 ml) and 
tfie pH adjusted to 3 by oddittm of 30 % oq. sodh;gri hy^xide sohitiorv 
A solution of cyanuric chloride (20 J g, 0,1 1 moO in ethyl acetate (100 ml) was 
added maintairwg ttie pH at 7 to 8 otkI tt>e temperature at 15 - 20* C. After 
30 minutes d solution of 2-ominoettK3ne-sutfonic acid, sodium salt (17.8 g. 
0,12 mol) in water (120 ml) was added to tt>e reaction mixture wtiBe mointairv 
ing the pH at 7 - 7.5 and thetemperotu-e at 30* C. After 30 minutes the reac- 
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tion mixture was heated to 50" C and stirred for 1 hour at this temperature, 
cooled to room temperature end then the product was filtered, 
step 2 

The wet product (200 g) from step 1 was added to o solution of l-methyl-2- 
pyiTOiidinone (200 ml) and 2-(methylamir>o)ethanol (18 g. 0J24 mol). The reac- 
tion mixture was heated to 90» C for 3 hours and cooled to room tempero- 
ture. A solution of 12 g of sodium acetate in ethand (400 mO was added to 
the reaction mixture. The solid was collected by filtration, washed with etha- 
ru3l (300 ml), dried in vacuum at 60» C to yield the magenta dye (64 g) of 
formula No. 100. 

In an analogous manner using appropriate starting materials the dyes de- 
scriijed In Tables 1 arKJ 2 can be obtained. 



The dyes of general formula 




were made wt"«rein ttie substituents are: 
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Compound No. 


X 


M 


X max <nm) in H2O 


100 


N(CH3)CH2CH20H 


No 


519 


101 


N<CH2CH20H)2 


No 


518 


102 


NHCH2CH2S03Na 


No 


516 


103 


S(CH2)3S03K 


K 


518 


104 


SCH2CH2OH 


Na 


516 


105 


OH 


No 


516 


106 


SCH2COOK 


K 


517 


107 


OCH2CH3 


No 


515 



The dyes of generoi formula 




were made wherein the substttuents are: 
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Compound 
No. 




X 


M 


Xmox (nm) 
in H2O 


200 


CH2CH2CN 


N(CH3X:H2CH20H 


No 


528 


201 


CH2CH2CN 


SCH2CH20H 


No 


526 



Example g 

The dyes of the present Invention ore spedolly odopted for the preparation 
of iriio. Ii^ for ir* jet prtritfrig are weU l<rK3wn. These Inks consist In esse^ 
liquid vehicle dissolved ttierein a dye. The liquid vehicle of the Wo employed 
for the printing consists in general of water or a mixture of vwater otkI a mtsci- 
tAe organic solvent such as C1-C4 aUtanois. aflcylene glycols such as 
dlCpropylene glycoO. di(ethylene glycoO. polyob such as l.&pentanedlol. 
gycerol. 1 ^^trihydroxyhexone. nitrogen-containing solvents such as 2- 
pyrroydinone. N-methy^2-pyrTo6dinone. l-C2-tTydroxyethyl)-2-pynolidnone. 
l^imethyl-2-lmidazolidinone. 1 .U J-tetramethylurea or sulfur containing 
solvents such as organosulfoxides. sulfolane arKl the Oke. 

The non water parts of th>e printing inl< generally serve as humefactant. cosol- 
vent. viscosity regulating agent, inic penetration additive, levelfing agent or 
dryfr>g agent. 

In addition aqueous inio may cortfain miscellaneous known additives Bke vis- 
cosfly mocfiflers, such as ceUuiose derivatives and ottw water-soluble resir«. 
various kfrxJs of surfactants, surface tenston modifies, oplfcol brighteners. UV 
at)sort5ers. light stabiBsers, bkxAjes and pH conditioners, such as buffers. 
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Inks for use in ink jet recording of the type based on continuous-stream usually 
contain an inorganic salt as electrolyte, such as sodium/ammoruum/lrttnium 
hatogenides or sulphate. 

This description of Inks is for illustration only and is not to be considered as limrt- 
tng the invention. 

The present invention in so far as it relates to inks is furttier austroted with ref- 
erence to the following examples in wtiich ail parts and percentages ore by 
weight. 



inks were prepared, using the dyes 100 to 102. as described above, accord- 
ing to tt^ f oUowing recipe: 

dye 6parts 

tfycerol 20parts 

water 74 ports 

The Irdcs were prepared by dissolving ttie ingredients and f&tering tfie solution 
ur^der pressure ttvough a MDDpore fBter (0.5 micron). 

The inks were tested and shown to satisfy oil the requirements specifyirtg a us- 
able irdc. In particular they were shown to meet tt>e folowir>g crtteria: 

(1) Physical properties of the ink. such as viscosity, conductivity and surface 
tension, are each wittiin a defined range. 

(2) AD dyes have good sohjt^ In tt« ink medium to give soiuttons having 
good stability wtvch do ry>t plug ttie fine ejecting orifices. 

(3) The recorcfing agent gives images of sufficient optical density. 

(4) The ink does not ctionge physical properties or deposit sotkJ matter 
during storage. 
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(5) Printing can be performed without o restriction on the nature of sub- 
strate. 

(6) The ink exhibits a high rate of fixation. 

(7) The ink gives images of good resistance to water, light and abrasion. 
ExompfQ 3 

The sohjbiBtfes of the dyes according to the rtventlon were determined as 
follows: 

An excess of dye was heated at 50** C In water with storing for one hour. The 
mixture was tt»en cooled down to 20* C and filtered, and ttie dye content of 
ihe dear solution was determined spectroscopically. The results obtained are 
shown in table 3 



Dye No 


SoiubBity (in g per 100 mO 


100 


35 


101 


32 


102 


26 


dye 1 


20 


dye S 


15 



Igt2i£i 



The dyes 1 and 5 ore known from USP 4*777248 end USP 4"77n29 es hereto- 
fore set forth. 

The results in table'3 show the significantty Wgher solubiity of the dyes accord- 
ing to the invention compared to dyes of tt» prior art. 
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An azo dye of formula (4) 





n 
X 



or 

X 



is selected from hydrogen or on aliphatic rodical having from 
1 to 6 C atoms; 

ts2Jor4; 

is NR3R4 wtiere 

R3 and R4 are irxjependently selected from hydrogen, clkyi 
from 1 to 6 C atoms. C2 to C6 substituted oUcyl wt>ere ttie 
substttuents ore selected from OH, OCH3, COOM, SO3M; orof- 
kyl; unsubstituted aryt or an aryl substituted by COOM or 

SO3M; 

R3 and R4 form a ring wittiout or witti Inclusion of a fietero 
atom: 

is SR5 in whicdi R5 is ailcyl from 1 to 6 C atoms, C2 to C6 substn 
tuted alkyl where tt^ substttuents are selected from OH, 
OCH3, COOM. SO3M; 
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X is OR^ in which is hydrogen or on aKphatic rodicol having 

from 1 to 6 C atoms; 

R7 is hydrogen, olleyl of Ito 6 C atoms. C2 to C6 sutsstituted aUtyi 

where ihe substltuents are selected from CN. COOM. OH. 
COOCH3. CCXX:H2CH3. CCXJHy unsubstttuted aiyl or aryi 
substituted by CH3. hotogen; 

M Is hydrogen, o metal atom, an ammonium or ammonium sub- 

stituted wttti aflcyt,a8(oxyaa(yl aixj hydroxyalkyi each having 1 
to 12 c atoms. 



2. An azo dye according to claim 1 wtiere 
Rl is hydrogen and v^ttere 

X, n, R3 to R7 and M are as set fortti in claim 1 . 

3. An aro dye according to claim 2 wtiere 
n is 2 or 3; 

R3. R4 ore indeperKiently selected ftam tiydrogen. CI to C6 allcyl. 

C2 to C6 sutMtftuted afl(yl wtiere the substltuents ore selected 
from OH, OCH3. COOM. SO3M or R5. R^ form a 5- or 6- 
membered rir^ wittxxjt or witti inclusion of a hetero atom; 

R5 is a CI to C4 substituted ailcyl wtiere ttie substHuents are se- 
lected from OH. COOM or SO3M; 
R6 «s hydrogen. CH3 or CH2CH3; 
R7. M are « set forth In claim 1. 
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4. An 020 compound according to claim 3 where 

R7 is selected from hydrogen, CI to C3 olkyl or C2 or C3 sutwti- 

tuted alkyl wt>ere it\e substituents are CN or COOM. 



dye occordng to claim 4 wtiere 
is CH2CH2OH. CH2COOM or (CH2)3S03M; 
is hydrogen; 

is hydrogen, ollojll metal atom. omrrKXTlum or ammonium 
subslttuted with C Ito C2 oBcyl or with CH2CH2OH. 

6. An azo dye according to formula (7) 




(7> 

v/hete 

R3, R4 are irxlependently selected from hydrogen or C2 to C3 sub- 
stituted dlkyl where ttie substituents are selected from OH. 
COOMorSOsM: 

R7 is hydrogen. CH2CH2CN Of CH2CH2COOM and 

M is hiydrogen. oikafi metal or ammonium ton. 

7. An IrMc comprising a dye or a mixture of dyes as described in anyone of 
claims 1 to 6. 
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An ink which contc3ins in addition to a dye or dyes as ciaimed in any- 
one of claims 1 to 6 one or more other dyes. 
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